Aim Reconstructing or augmenting the lumbo-pelvic junction after resection of L5 and part of the sacrum is challenging. Numerous lumbo-pelvic reconstruction methods based on posterior construct and anterior cages have been proposed for cases involving total sacrectomy and lumbar vertebrectomy. These constructs create long lever arms and generate high cantilever forces across the lumbo-sacral junction, resulting in implant failure or breakage. Biomechanical studies have shown that placing implants anterior to lumbo-sacral pivot point provides a more effective moment arm to resist flexion force and improves the ultimate strength of the construct. We present here a novel method to augment a lumbo-pelvic construction using a pelvic ring construct. Methods A 69-year-old lady presented with implant failure of her two previous posterior lumbo-pelvic reconstructions performed by the authors. She initially presented, two and a half years previously with 6 months history of back pain with normal neurological function. MRI scans of her whole spine showed isolated secondaries in the lumbar spine (L4, L5) and sacrum (S1). An abdominal CT scan revealed a primary tumour in her right kidney. Briefly, the first surgery involved a single-stage removal of posterior elements of L4 and L5 and posterior stabilisation from L2 to pelvis, anterior resection of L4 and L5 and partially S1 with implantation of an expandable Synex II cage. The cage was replaced with an anterior rod construct from L2 and L3 to a trans-sacral screw a week later as it had dislodged. The second revision, 9 months later, involved removal of two posterior broken rods which were replaced and converted into a modified four-rod construct. While monitoring her progress, it was subsequently noted that the trans-sacral rod had broken. Therefore, it was decided to augment her lumbo-pelvic construct to prevent eventual catastrophic posterior construct failure. From a posterior approach, contoured rods were passed bilaterally along the inner table of the pelvis under the iliacus muscle up to the anterior border of the pelvis. Using T-connectors, the rods were connected to the posterior lumbo-pelvic construct. Thereafter, two anterior supra-acetabular pelvic screws were connected to a subcutaneously placed rod matched to the shape of the anterior abdominal wall. The pelvic ring construct was completed on connecting this rod with T-connectors to the free ends of the contoured iliac rods.
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Results and conclusion There were no intra-operative complications. At the end of 12 months, she was mobilising with a frame, with no radiological evidence of failure of the construct. However, she died due to disease progression at the end of 15 months. Experience from one clinical case shows that such a construct is feasible and adds a technical option to the difficult reconstruction of lumbo-pelvic junction after tumour surgery.
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Case presentation
This 69-year-old lady presented with implant failure of her two previous posterior lumbo-pelvic reconstructions performed by the authors. She initially presented two and a half years previously with 6 months history of back pain with normal neurological function. MRI scans of her whole spine showed isolated secondaries in the lumbar spine (L4, L5) and sacrum (S1). An abdominal CT scan demonstrated a primary tumour in her right kidney.
The first surgery involved a single stage removal of posterior elements of L4 and L5 and posterior stabilisation from L2 to pelvis including screws for S1/2 followed by right nephrectomy, anterior resection of L4 and L5 and partially S1 with implantation of an expandable Synex II cage (Fig. 1) . The cage dislodged from the sacrum within the first postoperative week and subsequent revision was performed with an anterior rod construct from L2 and L3 to a trans-sacral screw (Fig. 2) . Postoperatively she suffered temporary tetra-paresis. All investigations, however, were unremarkable and she recovered completely.
The second revision procedure was performed 9 months later. This involved removal of two posterior broken rods which were replaced and converted into a modified fourrod construct by adding two more rods and extending from T12 to an additional set of pelvic screws (Fig. 3) .
While monitoring her progress, it was subsequently noted that the trans-sacral rod had broken. Therefore, it was decided to augment her lumbo-pelvic construct to prevent eventual catastrophic posterior construct failure. At this stage, she was maintaining her mobility using a Zimmer frame with normal motor power and intact bladder and bowel function.
Historical review
Lumbo-pelvic reconstruction is a challenging problem despite the advances in tumour reconstructive surgery [1] [2] [3] [4] [5] [6] [7] [8] . The anatomy of this region, poor quality bone and non-availability of stable anchoring sites frequently place enormous loads at this junction [9] . They include axial, translational and rotational loads, and bending moments [6, 10] . The potential for survival of patients over several years demands long-term stability from the reconstruction [14] . Added to this is the problem of revision surgery for stabilisation and the restrictions posed by the confines of extraspinal soft tissues and visceral structures [10] . As a result, implant failures are high [9] . A number of augmentation techniques have been described [1] [2] [3] [4] [5] [6] [7] [8] to address these issues. Broadly, they can be divided as proximal anchor to lumbar vertebrae and distally into the sacrum and pelvis. Proximal anchoring techniques include use of cement, hydroxyapatite screws and expandable screws. Distally expandable cages, Galveston rods, mesh cages and cage supported on trans-iliac rods have been described.
Rationale of treatment and evidence-based literature
As a result of these challenges, lumbo-pelvic reconstruction has been evolving over the years. Various techniques include Galveston intra-sacral post [1] , Jackson intra-sacral bar [2] , spino-pelvic trans-iliac fixation [3] , sacral bar [4] , ilio-sacral screws [5] , four-rod technique [6] , custom-made prosthesis [7] and double trans-iliac rods to support anterior and posterior constructs [8] . The key areas in the lumbopelvic reconstructions are proximal and distal fixation points of the construct. The distal part of the construct has to have a stable purchase, provide a stable platform for implants like cages to stand on and at the same time have biomechanical distal fixation points anterior to the lumbo- sacral pivot point. The four-rod technique after biomechanical studies [13] has shown significantly reduced motion in the L5-pelvic level in flexion and extension. In our case, a modified four-rod technique was used in the second surgery to revise the posterior broken rods. However, this did not prevent failure of the trans-sacral screw in our case. The double trans-iliac rods technique [8] has provided the base for distractible anterior cage and augmentation of the posterior construct after total sacrectomy. Our pelvic ring rods technique provides a greater base of stability around the transverse flexion extension axis of the spinal column by placing implants anterior to the lumbosacral pivot point [11, 12, 15, 16] . This provides a more effective moment arm to resist flexion force and improve the ultimate strength of the construct [10, 13] . The technique is relatively atraumatic and is mostly minimally invasive. The anterior abdominal rod used in our construct has been used successfully to treat unstable pelvic fractures in a case series of 17 cases, with only two cases of reported transient femoral cutaneous nerve palsy [17] . The blood loss in our case was negligible.
Procedure

Principle of surgical technique
The procedure involved building a pelvic ring construct skirting along the 'inner table' of the pelvis under the iliacus muscle. Using a minimally invasive technique, two 6-mm contoured titanium hard rods were inserted through a posterior approach skirting along the 'inner table' of the pelvis (both iliac bones) to reach the proximity of the anterior superior iliac spine (ASIS) anteriorly. During this manoeuvre, constant contact of the leading tip of the curved rod with the iliac bone was maintained to minimise any damage to the soft tissues. The posterior and anterior free ends of these rods were connected to the outer rods of the posterior construct and an anterior construct, respectively. The anterior construct consisted of a subcutaneously passed 6-mm contoured titanium hard rod across the anterior abdominal wall supported by two 8-mm pedicle screws in the supra-acetabular portion of the ilium, all performed through an minimally invasive surgery (MIS) technique. These anterior pedicle screws had good purchase in the sciatic buttress.
Technical details
The patient was placed in a prone position over bolsters. Using image intensifier guidance, two incisions were made over the distal part of the outer rods in the posterior construct.
The posterior superior iliac spine (PSIS) on either side was then exposed and minor subperiosteal dissection performed along the inside curvature of the posterior iliac crest. A 6 mm 9 250 mm-long contoured hard titanium rod, shaped like a 'C', was then passed from the dissected entry point of the pelvis at the PSIS along the inner table of the pelvis under fluoroscopic control to reach the subcutaneous skin near the ASIS (Fig. 4a-d) . Care was taken to keep the tip of the rod in constant contact with the inner table of the pelvis during the passage. Very little force was required for the passage of the rods. The same procedure was performed on both sides. ''T'' clamps were then used to connect these 'C'-shaped rods to the lateral rods of the posterior construct. The anterior free ends of the rods were left to be palpable under the skin near the ASIS. The posterior wounds were closed without tension to the skin and the patient turned over to a supine position. Two small transverse incisions were made over the palpable rod near the ASIS on both sides. Using imaging, an 8-mm 9 90-mm polyaxial pedicle screw was inserted through both the ASIS between the two tables of the pelvis to engage into the sciatic buttress (Fig. 4e, f) . A third 6-mm hard titanium rod contoured like a 'bow' to match the shape of the anterior abdominal wall was passed subcutaneously from left ASIS to reach the right ASIS. This was passed just below the lower abdominal crease to avoid pressure on the bowel or vascular structures below the inguinal ligament.
At each end, this third rod was connected to the polyaxial screw in the ASIS and the anterior end of the 'C'-shaped rod using a ''T'' clamp (Figs. 4e, f, 5, 6, 7 ). Stable construct was achieved. Wounds were then closed in the usual manner and the procedure completed without complication. The estimated blood loss for the procedure was \250 ml.
Procedure imaging section
Outcome and follow-up Postoperatively, the patient's neurological examination revealed grade 5/5 power with intact bladder and bowel function. She mobilised with a frame without the need for a brace. She was discharged to further rehabilitation from the ward. At 12 months, she was ambulating independently with a frame. X-rays showed no evidence of implant loosening or failure despite local progression of the remnant of the sacral metastasis. Fifteen months after this surgery, the patient died as a result of disease progression.
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